The focus of this paper is on the problem of congestion, which refers to a situation where the use of a certain input has increased by so much that output has actually fallen. This problem is explored using the methodological framework proposed by Färe et al. Annual data are examined for a sample of 41 new British universities in the period 1995/6 to 2003/4. These former polytechnics were granted university status in 1992. A widespread problem of congestion is identified. The results reveal that the order in which technical efficiency is decomposed into scale efficiency, congestion efficiency and pure technical efficiency makes a noticeable difference to the amount of congestion identified. The results also clearly indicate that an excessive number of undergraduate students is the largest single cause of congestion in these new universities. The paper concludes by considering the results from the alternative approach to the measurement of congestion formulated by Cooper et al.
Introduction
The focus of this paper is on the problem of congestion, which refers to a situation where the use of a certain input has increased by so much that output has actually fallen. Congestion can be viewed as an extreme form of technical inefficiency and, as such, can be regarded as a potentially serious practical problem. Consider, for instance, the case of universities. A substantial increase in the ratio of students to academic staff has been a common experience in universities throughout the world in recent decades. As a result, the marginal product of students might have become negative in some universities 1 . The implication of this is that a reduction in the number of students, with all other inputs (staff, buildings, etc.) held constant, might raise a university's output in terms of research, consultancy and qualifications awarded, both undergraduate and postgraduate.
Here we explore the extent of congestion in a sample of British universities. The analysis covers the period 1995/6 to 2003/4, and our case study employs annual data pertaining to 41 former polytechnics that became universities in 1992. These new universities constitute a relatively homogeneous group, sharing a common history and facing similar opportunities and problems. In particular, as illustrated in Figure 1 , they operate under much higher student : staff ratios than do the older British universities 2 . What is more, they typically receive substantially less research funding per member of staff. In view of the continued under-resourcing of the former polytechnics, there are good reasons for anticipating that they might be suffering from congestion.
Figure 1: Students and staff : older universities and ex-polytechnics
In an earlier study [14] , we examined the problem of congestion in these new British universities by using the approach proposed by Cooper et al 3 . Our study revealed the existence of a widespread problem of congestion. However, a decomposition analysis produced results that we felt lacked credibility; in particular, this decomposition indicated that a sizable proportion of the congestion could be attributed to excessive expenditure on academic staff 4 . We found it hard to understand how, in reality, academic staffing could be a congesting input.
It is of some interest, therefore, to establish whether these findings can be corroborated by the results from an alternative procedure, namely the pioneering one articulated in the monograph by Färe, Grosskopf and Lovell in 1985 [8] 5 . For ease of exposition, this will be referred to hereafter as the FGL approach. A brief exposition of this method will now be offered 6 .
The FGL Approach
A useful way of attempting to explain the underlying causes of changes in technical efficiency (TE) is to employ the following decomposition [cf. 8, 170] :
where P T E denotes pure technical efficiency, SE denotes scale efficiency and CE denotes congestion efficiency. T E = 1 and T E < 1 represent technical efficiency and inefficiency, 3 For an exposition of this approach, see [3] . 4 See [14, Table 6 ]. Corresponding results for the older universities are given in [13, Table 6 ]. 5 Also see [1] , [5] and [11] . 6 See also [15, section 2] and [16, 170, [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] .
respectively. Whilst scale efficiency requires no explanation, the distinction between pure technical efficiency and congestion efficiency is worth pursuing. The simple diagrammatic example shown in Figure 2 should suffice for this purpose.
The FGL approach (input-oriented, CRS) Figure 2 shows six decision-making units (DMUs), each producing an output of y = 1, using two inputs, x 1 and x 2 . This example assumes constant returns to scale (CRS), so that SE = 1, and makes use of an input-oriented approach. DMUs D and E are clearly technically efficient, whereas C is inefficient. In terms of identity (2.1) above, T E = P T E = 2/3 for C. Less obviously, F would also be deemed to be technically efficient under the FGL approach. Here the slack in x 1 of two units would be disregarded on the basis that these units were freely disposable, i.e. could be disposed of at no opportunity cost. Indeed, Färe and Grosskopf [6, [32] [33] argue that, given positive input prices, non-zero slack is akin to allocative rather than technical inefficiency.
The classification of DMUs A and B is both more complicated and more controversial. With respect to A, the FGL analysis would proceed along the following lines. Because A is on the isoquant for y = 1, this DMU would be regarded as exhibiting no pure technical inefficiency (P T E = 1). However, it would be deemed to be suffering from congestion. A's CE score, as measured by the ratio OA ′ /OA, would equal 0.8. Its T E score would also equal 0.8, the product of P T E = 1 and CE = 0.8. Congestion would arise owing to the difference between the upward-sloping isoquant segment DA, which is assumed to exhibit weak disposability, and the hypothetical vertical dashed line emanating from D, which is assumed to exhibit strong (or free) disposability. By moving to point A ′ , and thereby eliminating its congestion, A could attain T E = 1. By contrast, DMU B would exhibit both pure technical inefficiency and congestion under the FGL approach. For B, P T E = OB ′′ /OB ≈ 0.714 and CE = OB ′ /OB ′′ ≈ 0.933, so that T E = 2/3 ≈ 0.714 × 0.933 7 . An issue that needs to be addressed when applying the FGL approach is that the values of SE and CE in the identity (2.1) above will depend upon the order in which the decomposition is carried out, although T E, P T E and the product SE × CE will not be affected. In their earlier work, Färe et al. assumed strong disposability when measuring scale effects, and only then considered the possibility of congestion. In other words, they computed SE as (ϕ|C, S)/(ϕ|V, S), where C and V denote constant and variable returns to scale, respectively, S denotes strong disposability, and ϕ is the efficiency score. Having calculated SE in this way, they computed CE as (ϕ|V, S)/(ϕ|V, W ), where W denotes weak disposability 8 . However, Färe and Grosskopf [7] have highlighted the difficulty of discriminating between scale inefficiency and congestion; they point out that different answers will be obtained depending on the order in which T E is decomposed. Therefore, where congestion is anticipated on a priori grounds, they recommend that one should specify CRS rather than VRS (variable returns to scale) technology when measuring congestion. Under CRS technology, CE would be computed first as (ϕ|C, S)/(ϕ|C, W ), with SE computed thereafter as (ϕ|C, W )/(ϕ|V, W ) 9 . Another important issue concerns the distinction between input and output congestion. Input congestion, which is the focus of this paper, refers to a situation where the overuse of one or more inputs has caused a fall in output. Output congestion, on the other hand, refers to 'the loss of potential output due to the lack of strong disposability of outputs' [9, 110] . In such cases, a subset of outputs is obstructing the production of the remaining output(s). For instance, one of the outputs may be an undesirable by-product of joint production, e.g. air pollution associated with the generation of electricity (cf. [10] ). If, owing to environmental restrictions, a power station has to use scarce resources to abate its pollution, then pollution will no longer be a freely disposable output and should be regarded instead as weakly disposable, i.e. congesting. However, in the case of universities, it seems reasonable to assume that all outputs are strongly disposable. Consider, for instance, a university that produces three outputs: research and consultancy (y 1 ), undergraduate degrees (y 2 ) and postgraduate degrees (y 3 ). The university is likely to treat all three outputs as desirable. Now suppose that the university wanted to cut its output of, say, y 3 . For y 3 to be held to be a congesting output, the cut in y 3 would need to be accompanied by either (i) a reduction in y 1 or in y 2 or in both or (ii) an increase in one or more inputs, e.g. extra academic staff [cf. 9, 43] . There is no compelling reason to suppose that any of these changes would be needed. In short, it seems reasonable to posit strong disposability of all outputs.
A final issue concerns the orientation of the model. Here it should be noted that, in the current version of OnFront, the software supporting the FGL approach, congestion of inputs is measured using an input-oriented approach, whereas congestion of outputs is captured via an output-oriented approach 10 . In view of the above arguments, we will be employing an input-oriented variant of the FGL approach, with CRS as the underlying technology, to compute CE and SE scores for each university. This approach is consistent with the earlier discussion surrounding Figure 2 . However, for comparative purposes, we will also present results based on VRS.
DEA Model
Following previous research (see [12] , [13] and [14] ), our DEA model presumes that a university's output can be measured by the benefits it provides in terms of teaching and research. These aspects of a university's activities are captured here via the following variables:
• the total number of undergraduate qualifications awarded (y 1 );
• the total number of postgraduate qualifications awarded (y 2 );
• income from research grants and contracts in £ thousands (y 3 )
11 . Again following previous research, the inputs used in producing the above-mentioned outputs are assumed to be:
• the number of full-time equivalent undergraduate students (x 1 ); • the number of full-time equivalent postgraduate students (x 2 ); • academic staff expenditure in £ thousands (x 3 ); • other expenditure in £ thousands (x 4 ).
Although a detailed rationale for the outputs and inputs listed above is given in [14] , along with sources of data and other details, certain facets of our model are worth exploring here. A notable feature of this model is that the number of students is treated as an input, whereas the number of qualifications obtained is regarded as an output. Here it might be objected that, because students are the recipients of the educational services provided by a university, the number of students should be classified as an output rather than an input. However, that would not take into account how successful a university was in terms of producing qualified students. Indeed, we believe that our choice of inputs and outputs is in accord with the usual notions of productivity underlying DEA.
Another point worth clarifying is our treatment of undergraduate students who fail to complete a full bachelors degree but nonetheless successfully complete their first or second year. Normally, such students are awarded an intermediate qualification to recognize their achievements: a Certificate of Higher Education at the end of Year 1 and a Diploma of Higher Education at the end of Year 2 12 . We have included such awards in our output variable y 1 . However, a possible shortcoming of this variable is the fact that, in the present study, all undergraduate qualifications are weighted equally, regardless of the length of study required or the class of degree obtained.
Decomposing Technical Efficiency
To shed some light on the causes of annual fluctuations in technical efficiency, we used the FGL procedure to decompose the T E scores for individual universities. Then, to summarize the results for each year, geometric means were taken, so that T E = P T E × SE × CE 13 . Two alternative assumptions were made regarding the underlying technology, namely CRS and VRS. The outcomes are displayed in Table 1 and illustrated in Figures 3-5 .
The behaviour of P T E, as depicted in Figure 3 , will be considered first. It should be noted that this component of T E is unaffected by the choice of technology. Figure 3 reveals a relatively stable pattern in P T E after 1998/9. There is also no obvious relationship between the fluctuations in T E and P T E.
Figures 4 and 5 examine the effects of switching between CRS and VRS. It is evident that positing CRS rather than VRS technology yields rather more congestion (lower CE) and rather less scale inefficiency (higher SE). It is evident that there is a relationship between the fluctuations in the mean CE and T E scores. This is true for both CRS and VRS. In particular, the sharp fall in T E in 1996/7 and modest rise in 2002/3 are obviously 11 It is acknowledged that income from research grants and contracts could be viewed as an intermediate input rather than as an output. However, the use of this proxy for research output was dictated by the lack of annual data for alternative measures. For further discussion, see [14, 55] . 12 Some students regard such certificates and diplomas as their preferred final qualification rather than as a default qualification. 13 Note that the product SE × CE is unaffected by the order of decomposition. We tried weighting the means by each university's share of students (see Appendix C) but this did not make a material difference, so unweighted means were used for simplicity. The universities do not differ greatly in terms of size. associated with the corresponding movements in CE. However, in the case of the VRS results, the decline in CE in 1996/7 cannot wholly explain the precipitous fall in T E in that year. This is because the rise in congestion was reinforced by greater scale inefficiency. There was also a fall in P T E in 1996/7.
Causes of Congestion
Having examined the trends in congestion, we can now attempt to unravel its underlying causes. Hitherto, in calculating the CE scores for individual universities, it has been assumed that all four inputs were either strongly (S) or weakly (W) disposable, where weak disposability allows for the possibility of congestion. This comparison can be symbolized as SSSS versus WWWW. However, there are a priori grounds for questioning whether it is sensible to posit weak disposability with respect to academic staff expenditure (x 3 ) and other expenditure (x 4 ). In particular, why should a rise in each type of expenditure cause a fall in output? By contrast, a rise in the number of full-time equivalent undergraduates (x 1 ) or postgraduates (x 2 ), with academic staffing and other resources held constant, could well lead to a fall in output in terms of research and consultancy. This is because the extra students would be competing for scarce staff time. There would be additional costs in terms of assessment, supervision, etc. On the other hand, extra postgraduate students could be helpful in terms of stimulating research output. As regards undergraduate students, output in terms of qualifications awarded could decline with an increase in the number of undergraduates because staff would be unable to devote the same amount of time to each student as before. Accordingly, in an effort to identify the congesting input(s), we relaxed the assumption Table 2 and illustrated in Figures 6-7. For ease of interpretation, the results have been expressed in terms of congestion scores, rather than congestion efficiency (CE) scores. For example, the CRS-based congestion score of 0.0757 for 2003/4 is simply 1-0.9243, where 0.9243 is the geometric mean of the individual CE scores for that year (see Table 1 ). In the diagrams, the top lines show the congestion scores when all inputs are examined for possible congestion (WWWW), whereas the bottom lines show the scores when only undergraduates are considered (WSSS). One aspect of the procedure requires some explanation, namely the order in which the assumption of strong disposability was relaxed for the four inputs. There are, in fact, 14 possible ways in which one could relax this assumption. However, in order to simplify this process, we started with undergraduates (WSSS) because we believed that this input was the one most likely to be congested. We then added postgraduates (WWSS), academic staff expenditure (WWWS) and, finally, other expenditure (WWWW). This ordering is, of course, somewhat arbitrary and, for this reason, we carry out a sensitivity analysis in the next section.
Contrary to expectations, a close examination of Table 2 reveals the existence of congestion for all four inputs and in every year. This outcome is demonstrated by the fact that the congestion scores invariably rise when an extra input is considered for possible congestion. This is true for both CRS and VRS. Nonetheless, Figures 6-7 show clear differences in the extent of this congestion. As expected, undergraduates are the pre-eminent source of congestion. Also as expected, postgraduates appear to play a significant role in generating congestion, albeit a much smaller role than that of undergraduates. Congestion was not anticipated in the case of other expenditure and here the graphs show only a modest amount in most years 14 . What is most surprising, however, is the significant amount of congestion attributed to academic staff. This is especially noticeable in 1996/7.
The rise in the congestion scores when an extra input is considered for possible congestion occurs for two reasons: (i) a rise in the scores of some existing congested universities and (ii) the identification of newly congested universities. This second effect is illustrated in Table 3 .
The unexpected finding that congestion in the ex-polytechnics was, to a material extent, due to excessive expenditure on academic staff warrants some discussion. Intuitively, it does seem improbable that such overspending would have reduced the output of congested universities in terms of income from research grants and contracts, and the number of undergraduate and postgraduate awards. However, a possible explanation is that academic staff expenditure might be capturing the effects of an omitted variable such as the effectiveness of management 15 . It is also conceivable that the apparent existence of 'surplus' academic staff in the congested universities could be indicative of institutional inefficiency in a broader sense. A final possibility is that the results might reflect heterogeneity of both staff and Whilst the congesting role attributed to 'other expenditure' is modest, it is just as perplexing. What this finding indicates is that, after a certain point, extra spending actually reduced congested universities' output. However, 'other expenditure' is a very broadly defined input variable, comprising expenditure on academic cost centres, academic services, administration and central services, premises, residences and catering, and on research grants and contracts, and it is conceivable that one or more of these components could be congesting. For instance, by creating an unwieldy bureaucracy, overspending on administration might reduce a university's efficiency and hence output in terms of research and qualifications awarded. It is also possible that a rise in the proportion of 'other expenditure' devoted to research could reduce the number of undergraduate and postgraduate qualifications awarded, if it meant lower spending on teaching-related activities. Thus higher total expenditure could lead to a rise in some outputs but a fall in others, with the net impact uncertain.
Alternative Approaches
In an earlier study [14] , we examined the problem of congestion in the former polytechnics by using the approach proposed by Cooper, Gu and Li [4] . For ease of exposition, this method is referred to here as the CGL approach. It is worth exploring how far these earlier CGL-based results differ from those obtained here for the FGL approach. Of particular importance are any differences in: (i) the proportion of congestion attributable to each input and (ii) the number of universities identified as being congested.
The CGL procedure differs in several respects from the FGL approach. Most notably, it is a non-radial method based on VRS, whereas the FGL approach is a radial method. Another key difference is the fact that Färe et al. impose the restriction of weak disposability, whereas Cooper et al. do not. The CGL approach also employs an output orientation, in contrast to the input orientation used in the FGL procedure. With the CGL approach, the overall congestion score for each university j is computed via the following formula: where s ij is the BCC slack for input i and x ij is the quantity used of input i 16 . For comparative purposes, it is necessary to work out what proportion of the overall congestion score can be attributed to each input under each approach. With the CGL approach, the percentage share for input i equals 100(s ij /x ij )/4C j . The necessary calculations are reported in [14, Table 6 ]. Unfortunately, with the FGL procedure, there is no unique way of calculating the contribution of each input.
An obvious way of measuring the contributions under the FGL approach would be to use the figures in Table 2 This alternative procedure involved a reversal of the order in which strong disposability was relaxed, whereby we began with x 4 (rather than x 1 ) and then added x 3 , x 2 and x 1 in turn. Thus we started with the input we believed to be the least likely source of congestion and ended with the one we thought was most likely to be congesting. The results were as follows:
share of x 4 = (0.0050/0.0757) × 100 = 6.6% share of x 3 = {(0.0305 − 0.0050)/0.0757} × 100 = 33.6% share of x 2 = {(0.0364 − 0.0305)/0.0757} × 100 = 7.8% share of x 1 = {(0.0757 − 0.0364)/0.0757} × 100 = 52.0% It is evident that reversing the order in which strong disposability is relaxed does alter the outcomes considerably. In particular, the share of x 1 (undergraduates) is now much lower, whereas that of x 3 (academic staff) is much higher. The share of x 4 (other expenditure) is also noticeably higher. In fact, x 2 (postgraduates) is the only input to exhibit a stable share.
The above findings suggest that the original method is likely to overstate the shares of x 1 and x 2 , yet understate those of x 3 and x 4 , whereas the alternative method is apt to do the opposite 17 . To circumvent this problem, we decided to average the results from the two methods. The outcomes are presented in Table 4 . Table 4 confirms the earlier finding (illustrated in Figures 6-7 ) that having too many 17 Discriminating between x 3 (academic staff expenditure) and x 4 (other expenditure) is complicated by the existence of a fairly high correlation between these two inputs; this correlation ranged from 0.782 to 0.838 during the sample period. There was also a fairly strong correlation between x 3 and both x 1 (undergraduates) and x 2 (postgraduates). By contrast, x 1 and x 2 were more modestly correlated with each other; this correlation ranged from 0.645 to 0.736. undergraduates is by far the largest single cause of congestion. On average, based on the VRS results, undergraduates contributed 45.1% to congestion scores during the period under review. This is a much larger figure than the 33.3% we obtained from our CGL analysis. By contrast, for postgraduates, the mean contribution of 14.1% shown in Table 4 falls well short of the 20.9% we found using the CGL approach. However, the combined average share of students (undergraduates plus postgraduates) is 59.2% for the FGL method, compared with 54.2% for the CGL method. In this sense, the findings reported here are a little more credible than those we obtained previously. It is interesting that the two approaches yield fairly similar mean shares for academic staff expenditure (FGL: 24.9%, CGL: 26.0%), although the gap is larger for other expenditure (15.9% versus 19.8%). Table 5 shows the number of congested universities under each approach. What is most striking about these results is that an assumption of CRS considerably increases the number of universities held to be congested under the FGL procedure. However, when VRS is assumed, the CGL and FGL methods yield almost identical results in terms of the number of congested universities. It should be noted, though, that this does not mean that the amount of congestion identified by each method will be the same. This is because the formulae used to measure congestion are very different, as is the orientation employed. It is worth mentioning that the new approach to measuring congestion proposed by Tone and Sahoo [17] produced almost identical results to the CGL procedure in terms of classifying universities as congested or uncongested. This finding can be explained by the fact that this new method also uses the BCC model as its starting point.
Disaggregated Results

Appendix C displays a set of results for 40 individual universities in 2003/4
18 . These results illustrate the effects of changing the order of decomposition. It should be noted that:
where C F,V RS is the FGL congestion score calculated on the assumption of VRS technology and SE V RS is the corresponding scale efficiency score. SE CRS and C F,CRS are defined analogously. For comparison, the congestion score, C C , from the CGL method is also shown.
The individual results reveal a diversity that is hidden when looking at annual means. A good example is Thames Valley, which has the lowest T E score in the sample. This score suggests that this university could have produced the same output with only 51% of the inputs actually employed in 2003/4, if it had been fully efficient. As to the causes of this technical inefficiency, Färe et al. would regard Thames Valley as being chronically congested, whereas Cooper et al. would find only a moderate amount of congestion. Also of interest are Thames Valley's SE scores, which show that the choice of technology has some bearing on the apparent causes of inefficiency. Here, if we assume CRS, we find no scale inefficiency, whereas an assumption of VRS yields a substantial amount of scale inefficiency (SE V RS = 0.8437).
Robert Gordon is another university worth examining. It has T E = SE V RS = 0.9101. The fact that its T E and SE V RS scores are identical shows that it was operating on the VRS frontier. Thus any congestion would be ruled out. The same outcome occurs under CGL approach. However, under the CRS-based version of the FGL procedure, congestion is possible and, indeed, Robert Gordon has C F,CRS = 0.0899. There are five other universities in a similar situation.
As a final example, consider West of England. This is interesting insofar as it is one of only six universities exhibiting pure technical inefficiency. What is more, one can see that the presence of this type of inefficiency is clearly the predominant factor behind this university's relatively low T E score. Indeed, the FGL results indicate relatively high scale efficiency and negligible congestion, regardless of whether one posits CRS or VRS technology. By contrast, the CGL procedure records a modest amount of congestion.
Some interesting information can be gleaned from the congestion scores. For instance, one can see that C F,V RS and C C generate exactly the same set of congested universities, yet the amounts of congestion identified by the two methods are very different. On average, the VRS-based version of the FGL approach indicates congestion of 6.0% of inputs, whereas the CGL approach records congestion of only 3.25%. This divergence is a consequence of the different assumptions underlying the two methods, the difference in the orientation employed and dissimilarities in the formulae used to measure congestion. It is worth noting too that the mean amount of congestion rises to 7.0% of inputs if the CRS-based version of the FGL approach is employed. What is more, the number of universities held to be congested rises from 23 to 28. The differences in the congestion measures are reflected in the dissimilarity of the rankings shown in the table.
Choice of Approach
The last two sections have highlighted the point that the alternative approaches of Färe et al. and Cooper et al. are apt to yield very different findings with respect to congestion. This raises the question as to which approach, if any, should be preferred. One way of addressing this issue would be to examine their theoretical properties but this is complicated by the fact that each approach has particular merits and demerits. For instance, the FGL approach has firm theoretical foundations, yet it might be argued that the axiom of weak disposability is too restrictive in the sense that not all cases where there is an inverse relationship between inputs and outputs are held to represent congestion. By contrast, the CGL approach encompasses all such cases, yet a weakness of this approach is the fact that the CGL measure of congestion does not have an explicit theoretical basis 19 .
The approaches also differ in terms of their underlying aims. Here Cherchye et al. [2, [77] [78] observe that the original aim of the FGL procedure was not to measure the amount of congestion per se but instead to assess the impact, if any, of congestion on the overall technical efficiency of a particular DMU. In contrast, the CGL method was specifically designed to measure congestion. Thus, if one's aim is to measure the impact of congestion on the TE score of a given DMU, then it seems logical to opt for the FGL approach. If, instead, one's aim is to measure the amount of congestion, then the CGL method might be preferred.
Nevertheless, the FGL procedure does have a particular advantage over the CGL procedure in the present context: one can choose which inputs to examine for possible congestion. This is important given the doubts expressed earlier as to whether it is reasonable to expect academic staff expenditure (x 3 ) and other expenditure (x 4 ) to be congesting inputs. Another point in favour of the FGL procedure is the fact that, in comparison with the CGL procedure, a somewhat smaller proportion of the overall congestion score was attributed to these two inputs.
If we were to rule out the possibility of x 3 and x 4 being congested -by imposing strong disposability -then the inefficiency hitherto attributed to congestion would need to be reclassified as scale inefficiency or as pure technical inefficiency or as both. Hence, in the inequality T E ≡ P T E × SE × CE, CE would rise and P T E × SE would fall. To illustrate, consider the VRS-based results for 2003/4 shown in Table 2 . By assuming weak disposability for x 1 and x 2 but strong disposability for x 3 and x 4 , we would get a mean congestion score for that year of 0.0486, a CE of 0.9514 and a P T E of 0.9656. By contrast, if all inputs were assumed to be weakly disposable, the respective figures would be 0.0648, 0.9352 and 0.9824.
Conclusion
This study has examined the extent of 'congestion' in a sample of 41 former British polytechnics that became universities in 1992, using annual data for the period 1995/6 to 2003/4. Congestion is a problem that can occur when a certain input is overused to such an extent that output actually falls. We felt that there were good reasons for anticipating congestion in the case of these new universities because they have far higher student : staff ratios than do the older British universities, along with much lower research funding per member of staff 20 . Congestion was measured using the methodology developed by Färe, Grosskopf and Lovell (FGL). Two versions of this approach were considered: one assumed constant returns to scale (CRS), while the other assumed variable returns to scale (VRS). Both versions indicated a widespread problem of congestion in the former polytechnics. In addition, for comparative purposes, the alternative approach to the measurement of congestion proposed by Cooper, Gu and Li (CGL) was also considered.
The different measures of congestion generated contrasting results in terms of the severity of congestion. The CRS-based version of the FGL approach consistently produced the highest congestion scores. For instance, the mean score for the 40 universities in 2003/4 was 7.0%, in excess of the 6.0% for the VRS-based variant of the FGL procedure and well above the 3.25% for the CGL method 21 . The underlying causes of congestion were explored via a decomposition analysis based on the FGL procedure. This revealed that an excessive number of undergraduates was by far the biggest single cause of congestion in the former polytechnics during the period under review. For instance, the CRS-based variant of the FGL approach indicated that such students accounted for 60.0%, on average, of the overall amount of congestion observed in 2003/4. Less credible was the finding that excessive expenditure on academic staff was also a major cause of congestion in the former polytechnics! Here the results recorded a share of 28.3% in 2003/4. By contrast, the results signified that postgraduates (8.1%) and 'other expenditure' (3.7%) had a much smaller role in generating congestion in that year.
It is worth noting that, when compared with the FGL results, the CGL procedure gave very different shares in 2003/4 for undergraduates (42.3% versus 60.0%), postgraduates (12.3% versus 8.1%) and 'other expenditure' (16.0% versus 3.7%), yet a very similar figure for academic staff expenditure (29.5% versus 28.3%) [14, Table 6 ].
The contrasting findings from the FGL and CGL procedures raise the question as to which set of results, if any, should be preferred. There is no straightforward answer to this question but we noted that the FGL procedure was the logical choice in cases where one wished to assess the impact of congestion on the overall technical efficiency of a particular university. The use of this procedure also made it possible to rule out a priori any implausible cases of apparent congestion and to reclassify these as scale inefficiency or as pure technical inefficiency or as both.
Nevertheless, it is of concern that both procedures indicated a sizable amount of congestion due to excessive expenditure on academic staff. This finding is clearly worthy of further investigation, as it may reflect shortcomings in the DEA models or in the data used to run these models. In particular, the apparent academic overstaffing may reflect institutional inefficiency in a broader sense.
In terms of implementing the findings of this study, one important caveat needs to be stated: it may well be much easier to comprehend the causes of congestion than to realize the potential gains in output from eliminating such congestion. As regards the different results generated by the alternative methods of measuring congestion, one should not lose sight of the fact that the CGL procedure (which assumes VRS) and the VRS-based variant of the FGL method almost invariably identified the same universities as being congested. Where they differed was in terms of the severity of congestion in the universities affected. Nevertheless, it is clear that one is likely to find more 'congestion' with a CRS-based model than with a VRS-based model. where x ij and y rj are the quantities of input i and output r produced by DMU j, and the λ j are a set of weights with values to be determined. α in (A.2) can be set equal to unity without affecting the optimal value of θ [16, 178] . The above model differs from the standard BCC input-oriented model only insofar as the input constraints (A.2) are expressed as equations rather than as weak inequalities [16, 178] . Removing the convexity constraint ∑ j λ j = 1 would mean reverting to CRS.
Appendix B. Calculating the contribution of each input to the overall congestion score
Consider the following example proposed by one of the anonymous referees. The outcomes are displayed in Table A2 . Note: SSS denotes that all three inputs are held to be strongly disposable (i.e. uncongested), WSS denotes that x 1 is assumed to be weakly disposable (i.e. potentially congested), whereas x 2 and x 3 are assumed to be strongly disposable, and so on. Table A2 demonstrates that the share of overall congestion (i.e. the outcome under WWW) attributable to each input depends on the order in which the assumption of strong disposability is relaxed. For instance, if we start with Model 2, we find that 100% of the congestion is due to x 1 . However, if we start with Model 5, we find that 40% of the congestion is due to x 3 and only 60% to x 1 . One way of dealing with these conflicting outcomes would be to average the results, so that the share of x 1 would be deemed to be 0.5(100% + 60%) = 80% and that of x 3 to be 0.5(0% + 40%) = 20%.
